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ADVERTISEMENT. 


The  present  memoir  is  the  result  of  a  series  of  investigations  by 
Doctoi-s  O.  Lummer  and  E.  Pringsheim,  of  Charlotteuburg,  Germany, 
aided  by  a  grant  from  the  Hodgkins  Fund  of  the  Smithsonian  In- 
stitution. 

After  a  period  of  notable  advance  the  kinetic  theory  of  gases 
seems  to  have  fallen  into  temporary  abeyance,  possibly  from  a  funda- 
mentally imperfect  understanding  of  their  behavior. 

Progress  in  knowledge  of  this  fundamental  nature  of  gases  may 
reasonably  be  looked  for  from  interpretative  researches  on  their  ther- 
mal capacity,  and  the  following  paper  may  be  regarded  as  a  step  in 
this  direction. 

Aside  from  its  exceptional  importance  in  thermodynamics,  the 
specific  heat  ratio  is  of  interest  as  affording  a  clue  to  the  character 
of  the  molecule ;  and  Messrs.  Lummer  and  Pringsheim,  using  a  new 
method,  appear  for  the  first  time  to  have  reached  coincident  results  on 
the  incoercible  gases  examined. 

In  accordance  with  the  rule  adopted  by  the  Institution,  the  work 
has  been  referred  for  examination  to  a  Committee  consisting  of  Pro- 
fessor Doctor  Friedr.  Kohlrausch,  President  of  the  Physikalisch-Tech- 
nische  Reichsanstalt  of  Berlin,  Doctor  Carl  Barus  of  Brown  University, 
Providence,  R.  I.,  and  Professor  F.  W.  Clarke  of  Washington  City; 
and,  having  been  recommended  for  publication,  the  original  memoir, 
submitted  to  the  Institution  in  German  by  Doctors  Lummer  and  Pring- 
sheim, is  herewith  presented,  translated  into  English  by  Doctor  Barus, 
in  the  series  of  Contributions  to  Knowledge. 

S.  P.  LANGLEY, 

SECRETARY. 

Smithsonian  Institution, 

Washington,  June,  1898. 
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A  Determination  of  the  Ratio   («)  of  the  Specific   Heats  at 

Constant  Pressure  and  at  Constant  Volume  for  Air, 

Oxygen,  Carbon-Dioxide,  and   Hydrogen. 

By  O.  Limmki:  ami  E.  Pkingsheim. 

Lntboduotobt. 

The  experiments  detailed  in  the  following  pages  are  baaed  on  a  method  of 
research,1  which  in  all  its  essential  features  we  had  carried  through  for  air  as  far 
back  as  the  year  1887.  The  data  obtained  in  this  original  test  were  mutually  ac- 
cordant to  within  as  little  as  \%  but  their  absolute  value  was  decidedly  too  small, 
throughout. 

The  researches,  however,  were  quite  sufficient  to  convince  us  that  the  bolo- 
metric method  of  temperature  measurement  is  well  adapted  for  the  direct  de- 
r<-i initiation  of  such  increments  of  temperature  as  are  met  with  in  the  adiabatie 
expansion  of  gases;  but  that  the  method,  nevertheless,  can  be  expected  to  lead  to 
trustworthy  results  only  when  an  extreme  of  sensitiveness  and  efficiency  has  been 
imparted  to  the  bolometric  thermometer.  This  must  therefore  be  practically 
instantaneous  in  its  registry  (i.  e.,  free  from  inertia),  and  the  effect  of  heat  con- 
ducted either  way  through  the  terminals  must  be  eliminated.  It  is  to  the  latter 
source  of  error  that  we  chiefly  attribute  the  discrepancy  in  our  earlier  results. 

In  the  meantime  bolometric  resistances2  meeting  every  requirement  had  been 
-iiccessfully  constructed.  Thus  it  seemed  reasonable  to  assume  that  in  a  repetition 
of  the  above  experiments  with  the  new  bolometric  material  now  available,  the  error 
due  to  terminal  heat  conduction  might  be  reduced  in  any  desirable  degree.  We 
were  therefore  fortunate  in  being  able  to  repeat  our  work  at  the  Physikalisch- 
Techuische  Reichsanstalt  in  consequence  of  a  grant  from  the  Hodgkins  fund  which 

'  Verhandl.  d.  Physik.  Ges.  zu  Berlin,  1887,  pp.  136-140. 

'  O.  Lummer  and  F.  Kurlbaum  :  Wild.  Ann.,vo\.  xlvi.,  pp.  204-224,  1892  ;  Zeitschr.f.  Instru- 
mnitenkttnde,  vol.  xii.,  pp.  81-89,  1892. 
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was  eourteoutih  placed  at  our  disposal  by  tin-  Smithsonian  Institution  in  Washing- 
ton. It  gives  in  imifli  ploswiro  igsin  to  tender  to  the  Institution  our  grateful 
aekmrwledgmenti  for  tin-  Eavora  received. 

The  results  of  the  prosonl  investigation  were  oommunieated  bj  permission  to 
tli.-  British  Association  at  the  Oxford  meeting.'  We  purposely  withheld  the  publi- 
cation "f  tin-  body  of  our  work,  however,  inasmuch  as  we  hoped  to  carry  the 
experiments  forward  into  regions  "f  much  higher  temperature  and  to  include  these 
results,  t!i«-  preliminary  preparations  f<>r  which  had  long  been  completed,  in  a  tingle 
memoir.  In  visa  <'f  tin-  technical  difficulties  encountered  in  tin-  further  develop- 
ment of  our  work,  this  plan  was  abandoned.  It  will  take  some  time  before  the 
n«ffssjir\  exjK-rieiu-e  for  the  construction  of  high-temperature  baths  of  sufficient 
eonstano]  i>  at  hand, 

I.— Tin    Method  in   hnronj, 

The  method  used  for  the  measurement  <»f  the  specific-heat  ratio  of  gases 
depends,  in  the  present  as  in  preceding  investigations  in  the  same  direction,  on  tin- 
law  oiadiabatio  expansion  of  the  gas  under  treatment  For  the  case  of  a  jn-rtti-t 
gas  expanding  adiahatically  from  an  initial  pressure  //,  to  a  final  pressure Jt^,  the 
ratio  of  absolute  temperatures,  7\  and  T.,,  corresponding  to  /',  ami  pa,  may  be  writ- 
ten (J,  >  Tt) 


X-I 

*  (') 


where  h  =it-  is  tin-  ratio  of  the  specific  heats  at  constant  pressure  and  at  constant 


t. 

volume.     Prom  equation  (  1  )  »   is  found  as 

*= pt         (2) 

log  /1  -  log  y 

ft  T. 

Hence  *  may  be  computed  if  a  perfect  gas  is  permitted  to  expand  adiabatically  in 
such  a  way  that  p,,  />„,  7J,  and  Tt  are  all  measurable.  For  the  case  of  a  gas  com- 
pressed at  the  temperature  Tx  as  far  as  the  pressure  pt,  suddenly  expanding  to 
atmospheric  pressure  />.,,  the  three  quantities  px,  p3,  1\  are  found  with  relative 
ease.  The  chief  difficulty  lies  in  finding  the  temperature  T2,  or  the  final  tempera 
ture  of  the  gas  which  has  been  cooled  by  sudden  expansion  from  y,  top,',  for  the 
change  of  temperature  from  7|  to  ZJ  must  invariably  occur  in  a  very  short  time  if 
the  change  of  pressure  is  to  be  rapid  enough  to  be  Compatible  with  the  conditions 
of  adiabatic  expansion.     On  the  other  hand  the  cooled  gas  will  not  remain  at  the 

1  Report,  British  Association,  Oxford,  1894. 
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temperature  T2  longer  than  an  excessively  brief  interval,  seeing  that  heat  is  con- 
tinually poured  into  it  from  without. 

II. — The   Method   in  Practice. 

a.    PLAN  OF  THE  EXPERIMENTS. 

To  hold  the  charge  of  gas  we  made  use  of  a  large  receiver  of  spun  copper 
nearly  spherical  in  form  and  about  90  litres'  capacity. 


Figure  i. 

Tliis  receiver  B  (fig.  l)  contains  three  tabulated  openings,  one  of  which, 
shown  laterally  at  Qti  may  be  closed  with  a  stopcock  h.  This  communicates  in  the 
manner  seen  in  the  figure  with  the  manometers  .1/  and  m,  the  drying  apparatus  T, 
and  the  compression  pump  C,  by  which  the  gas  can  be  condensed  in  any  necessary 
amount.  If  commercial  oxygen,  hydrogen,  or  carbon-dioxide  is  used,  the  gas  may 
be  tapped  directly  out  of  the  high-pressure  cylinders,  through  the  drying  train  rl 
into  the  receiver.  The  cock  //  is  closed  whenever  the  charge  of  gas  is  allowed 
t<>  expand  into  the  atmosphere. 

The  second  lateral  tubulnre,  0Mt  is  adapted  to  receive  the  bolometer  strips, 
which  represents  one  branch  (i)  of  theWheatstone  bridge  W.  The  other  branches 
(2,3,4)  consist  of  suitably  chosen  resistance  standards.  For  reasons  relating  to  the 
heat-conduction  discrepancy,  the  form  given  to  the  strip  of  the  bolometer  is  as  shown 
in   fig.  2.     The   strip  is  cut  from   a  piece   of  platinum-silver   foil,  in    which  the 
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Figure  2. 


layer  of  silver  is  about  ten  times  as  thick  as  the  coextensive  platinum   layer.      In 
our   definitive   experiments    the    thickness  of  platinum  foil  used  did  not  exceed 
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.(XMtoi;  .-in.  With  the  aid  <>f  •  suitable  steel  ruler  and  :i  thin  Bharp  knife,  we  w< 
able  t<«  cut  a  strip  from  tin-  foil  which  between  tin-  rapid  I  \  Darrowing end  flaps  ■  ' 
ami  A  was  but  .02  em.  in  breadth  throughout  a  length  "f  about  1"  cm.  A  ft  <r  the 
end  flapi  (each  about  l  cm.  long  ami  ..">  cm.  broad)  hail  at  their  extreme  edges  been 
soldered  t<»  thick  copper  terminals,  tin-  middle  of  the  strip  was  (lipped  in  concen- 
trated nitric  acid  t<>  remove  the  silver  from  the  platinum  film  to  I..-  need. 

The  resistance  of  the  platinum  bolometer  strip  etched  oil'  tors  length  of  7 

cm.  was  about  80  ohms,  while  the  resistance  of  the  parts  not  freed  from  silver  was 
computed  as  about  .1  ohm,  only  .<»•'!  ohm  of  which  makes  up  the  total  resistance  of 
the  laps 

The  third  opening  of  the  receiver  is  shown  at  Otand  used  as  an  avenue  of 

efflux.  It-  diameter  in  the  dear  Was  8  cm.,  and  it  was  closed  with  a  perforated 
rubber  stopper,  through  which  a  wide  glass  Stopcock  //  was  inserted.  Hither  1>\ 
suddenly  removing  the  rubber  Stopper,  or  in  like  manner  wholly  or  partially  open- 
ing the  stopcock  //.  we  had  it  in  our  power  to  vary  the  interval  of  expansion 
within  a  wide  range. 

A  large  sine-lined  wooden  tank  A',  tilled  with  water  and  surrounding  the 
receiver  served   the  purposes  of  a   water  bath.      To  compensate   for  the  buoyancj 

of  the  receiver,  sufficient  counter  pressure  was  applied  through  the  perforated 
wooden  yoke  J,  which  <>n  being  forced  down  by  the  screw  a  held  the  receiver 

firmly  down  upon  the  annular  tripod  I'.  Two  stirring  appliances  /.'  w  ere  titled 
to  the  diagonally  opposite  coiners  of  the  water  bath.  These  consisted  of  sine 
cylinders,  open  at  both  ends  and  containing  an  axial  propeller-like  rotating  screw. 
Actuated  by  a  small  electromotor  these  screws  were  eilicieiit  in  producing  a  (low  of 
water  in  the  zinc  cylinders  either  from  below  upwards  orin  the  reverse  direction  at 
pleasure.  If  the  propelling  screw  s  v\  ithin  the  cylinders  rotate  in  coiitrarv  directions, 
a  circulation  of  water  in  the  bath  will  ensue  from  the  surface  downward  near  one 
of  the  stirrers,  thence  along  the  bottom  to  the  opposite  stirrer,  which  carrying  the 
water  aloft  stimulates  the  return  circulation  along  the  surface.  Small  floating 
bodies  like   Strips  of  paper   gave  evidence  of  the   rate  at    which    the    cm-rent    was 

moving. 

/».    measi'i:kmknt  OF    i  i:\ipi  i:  \i  ikk. 

To  register  the  temperature  of  the  water  bath  we  used  a  calibrated  thermometer 
graduated  in  tenth  degrees.  Tin-  waa  read  oil'  by  a  microscope  of  low  power, 
provided  with  an  ocular  micrometer.    Continual!.]   observing  this  thermometer, 

ami  adding  small  quantities  either  of  cold  or  hot  water  according  as  the  thermometer 
showed  a  leaning  toward  higher  or  lower  temperatures,  we  succeeded  in  keeping 
the   temperature  of    the   water  constant    to   about    a    hundredth   of  a   degree, 
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frequently  throughout  a  whole  hour.  Aside  'from  this  manipulation,  the  experi- 
ments were  favorably  circumstanced  inasmuch  as  they  were  made  in  the  subterranean 
chambers  of  the  Reichsanstalt.  On  bringing  the  temperature  into  coincidence  with 
that  of  the  room,  the  observed  changes  would  not 
exceed  the  mere  fraction  of  a  degree  for  hours. 

Accurate  measurement  of  temperature  is  of 
extreme  importance  in  its  bearing  on  the  present 
experiments,  since  an  error  of  but  .02°  C.  in  the 
datum  for  T,  in  the  case  of  the  pressure  values 
actually  employed,  will  affect  the  result  by  about 
1  ;,.  To  facilitate  the  reading  of  the  .01°  C.  re- 
quired, all  temperatures  were  so  chosen  as  to  make 
tlif  mercury  meniscus  of  the  thermometer  coincide 
very  nearly  with  one  of  the  division  marks  of  the 
thermometer.  After  long  practice  we  also  learned 
to  keep  the  temperature  constant  to  .01°  C.  (by 
adding  ice  or  hot  water  as  occasion  required  and 
continued  observation  of  the  thermometer),  even 
when  the  temperature  of  experiment  lay  consid- 
erably below  that  of  the  room.  To  be  sure  that 
the  temperature  was  quite  the  same  at  all  parts 
of  the  water  bath,  we  made  a  special  test  in  which, 
while  the  stirring  device  was  in  action,  a  sensitive 
thermometer  was  carried  from  place  to  place  within 

the  Kath.     Bimultai isly,  of  course,  temperature 

was  kept  constant  in   the  lapse  of    time,  at    the 

single  place  of  observation,  l>y  the  means  above 

set  forth.     The  thermometer  probe  used  in  this 

test  was  a  branch  of  one  of  Lummer  and  Kurl- 

baum's  surface  bolometers,  carefully  jacketed  by 

a  tight  metallic  case  and   appropriately  insulated. 

The  change  of  internal  resistance  experienced  by 

this  instrument  gave  us  the    necessary    data  for 

changes  <>f  temperature  encountered  during  the 

excursions  from  place  to  place  within  the  bath.     These  values,  given  on  pages  18,  24 

below,  showed  the  variations  of  temperatures  at  any  one  place  in  the  lapse  of  time,  to 

exceed  the  differences  of  temperature  for  different  positions  within  the  bath  at  any 

given  time,  the  bath  being  kept  in  action  in  the  manner  stated.     We  infer  that 
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the  t«'in|MT»iurc   throughout    the   whole   bain   mmri    have   been   constant    to  at 
.01    < 


<•.    Mi  \-i  U  mkm    <•!     PB1  »l  1:1 

In  like  manner  tin-  determination  of  tin*  initial  and  final  pressure  of  the 
■Kparunent  wax  pushed  forward  ko  I  degree  of  nicet\  such  as  would  not  affect  the 
«  value*  1>\  more  than  1  •;.  The  final  pressures  were  «_ri n. «-i.  by  the  barometer. 
\\ .-  availed  ourselves  of  Sprang*!  barograph  at  constructed  by  K.  Fuess.  The 
regi-tr\  of  this  tnelnunenl  is  eertainlj  oorreel  to  fractions  of  a  millimetre,  and  an 

error  of  a*  much  as  •_'  cm.  in  the  value  of  the  final  pressure  would  have  influenced  the 
rtwult  by  onl\  1  %.  To  be  quite  sure  a>  to  the  idei  tit)  of  the  final  preaBuree  with 
the  atmospheric  pressures  for  any  given  experiment,  the  efflux  tubttlure  was  kept 
OM  to  the  rerj  end  of  the  measurement,  i  •..  until  after  the  measurement  of  the 

temj>erature  7^  of  the* led  _ 

The  initial  pressures  or  pressure  excesses  were  registered  both  by  a  sulphuric 
acid  manometer  and  by  a  mer<ur\  manometer  of  the  construction  shown  in  figures 
3  and  4.  The  columns  ///  (fig.  1  )  of  the  manometer  were  4.f>  cm.  in  internal  diame- 
ter. The  pressors  tube  of  the  mercurj  manometer  If  (fig.  1)  was  1  cm.  in  diameter, 
with  I  reservoir  7  al M>ut  »'.  cm.  in  diameter.  This  instrument  was  chiefly  used  to 
measure  pressure  excesses  during  the  coui*se  of  the  experiment,  while  the  mercury 
manometer  enabled  us  to  reduce  these  pressures  to  their  normal  value  in  terms  of 
the  barometer.  A  simple  microscope  of  low  power,  attached  to  a  suitable  slide 
■  >n  the  Milphuricacid  manometer  stand,  enabled  us  to  read  off  the  position  of  the 
meniSCM  in  term-  "f  the  attached  scale.  To  obviate  errors  due  to  parallax,  an  in- 
candescent nieiviin  lamp  was  attached  t<>  the  microscope  carriage  and  moved  with 
it.  The  scale  being  attached  immediately  behind  the  manometer  tube,  appeared  en- 
larged when  viewed  through  the  part  of  the  tube  filled  with  acid.  In  this  way  the 
pOflitiuB  of  this  meniscus  could  be  read  off  at  this  manometer  to  about  .02  cm.. 
corres| winding  to  about  ,0025  cm.  of  mercury.  For  decreasing  pressures  it  was 
advisable  to  wait  after  each  change  of  measurement,  until  the  film  of  acid  adhering 
to  the  rides  of  the  tube  had  reentered  the  body  of  the  liquid. 

The  open  end  of  the  sulphuric-acid  manometer  did  UOl  directly  communicate 
with  the  air,  but  opened  into  it  through  a  11-tubc,  ii  (li'_r.  1).  containing  calcic- 
chloride  and  a  capillar]  terminal  p.  In  this  way  difficulties  due  to  absorption  of 
atmospheric  moisture  bj  the  acid  were  avoided. 

The  mercun  manometer  naturally  required  much  more  precise  reading  than 
tl ther.    inasmuch  as  an  error  of  .•'<  %  in  the  determination  of  the  pressure  excess 

beqtrivalenl  to  U  ••rror  of   1  r',   in   the   result,  it    clearly    follows    that    within   this 
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range  of  accuracy,  pressure  excesses  of  3.3  cm.,  6.6  cm.,  etc.,  must  be  read  off 
within  .01  cm.,  .02  cm.,  etc.,  respectively,  along  the  mercury  column  observed. 

To  reduce  the  registry  of  the  sulphuric-acid  manometer  to  that  of  the  mercury 
manometer  we  brought  to  bear  on  both  the  same  pressure  which  had  been  observed 
during  the  course  of  a  complete  experiment ;  and  for  some  time  after  its  termination 
this  pressure  was  maintained  at  the  given  value.  Not  until  all  pressure  variations  had 
fully  subsided  and  permanent  constancy  of  level  was  assured,  did  we  proceed  to  the 
measurement  of  the  equivalent  mercury  column.  The  telescope  of  the  cathetometer 
was  then  alternately  directed  to  the  two  meniscuses  of  the  mercury  manometer. 
In  view  of  the  large  diameters  of  the  tubes  used,  the  middle  parte  of  the  terminal 
mercury  surfaces  were  appreciably  plane.  Sharp  lines  of  demarcation  being  desir- 
able in  the  field  of  the  cathetometer  (preferably  separating  a  dark  shadow  from  a 
bright  background ),  it  was  found  expedient  to  illuminate  the  tubes  of  the  manometer 
from  behind.  An  incandescent  lamp  shining  through  a  film  of  translucent  tissue 
paper  was  therefore  placed  at  such  a  level,  that  no  light  was  reflected  from  either 
mercury  meniscus  into  the  cathetometer.  Lamp  and  screen  were  movable  up  or 
down,  so  that  the  best  illumination  corresponding  to  any  height  of  meniscus  was 
attained.  It  is  advisable  to  place  the  upper  edge  of  the  screen  but  very  little 
above  the  mercury  meniscus.  At  the  same  time  the  unavoidable  specks  of  dust 
which  float  on  the  mercury  surface  are  of  much  value  in  sighting.  Our  measure- 
ment of  differences  of  level  was  correct  to  .01  cm.  For  an  initial  pressure  of  3.3  cm. 
therefore,  the  value  of  n  obtained  would  not  from  this  cause  be  discrepant  by 
more  than  1  $.  A  mercury  thermometer  suspended  in  the  open  tube  of  the 
mercury  manometer  showed  its  temperature.  The  excellent  cathetometer  used  in 
these  measurements  was  placed  at  our  disposal  by  Mr.  G.  Hansemann,  a  courtesy  for 
which  we  take  pleasure  in  expressing  our  indebtedness. 

d.    MEASUREMENT   OF   THE    FINAL   TEMI'EKATUKE,     'l\. 

Two  distinct  measurements  are  necessary  to  complete  the  determination  of  1\. 
The  decrement  of  resistance  experienced  by  the  bolometer  strip  while  the  pressure 
of  the  expanding  gas  falls  from  pt  to  p.  is  first  to  be  found.  Thereafter  this  elec- 
tric datum  is  to  be  expressed  in  its  equivalent  of  temperature. 

1.    Measurement  of  the  initial  preeswe  /',,  corresponding  to  ilie  resistance  incre- 
ment wx,  w„. 

Suppose  the  initial  conditions  to  be  fully  established,  and  let  the  bolometer 
strip  be  at  the  temperature  Tx  of  the  gas,  compressed  as  far  as  pressure/^.     Let 
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tin-  m  of  tli.-  strip  be  »/•,.    Buitabrj  selecting  the  correlativi  nnoesl, 

3,  4  of  tin-  Whaatatoae  bridge  (fig.  1).  t lit-  sliding  contact  ma)  !>«•  m  moved  tli.it 
tin-  galvanometer  i^  without  current,  indicating  tin-  usual  balance  of  resaatanei 
I       U-    in    eotreapondeoee    with   the  approximate    resistance    (SU    ohms)    of    the 
Ih.!  -trip,  the  branch  i  consisted  of  a   set   <»f  standards  Z  (given    in  full  in 

fig.  5),  the  resistance  of  which  could  1»<-  made  very  ncarh  equal  to  that  of  the 
Strip  The  1. ranches  S  ami  ;  contain.-<l  coils  -uitaUv  wound  of  standard  wire, 
havim.' alK.ut  76  ohms  apiece,  One  end  of  each  «»f  these  was  connected  with  the 
bridge  true  </. 

Tin-  storage  eel]  .1.  snort-circuited  through  •  resistance  box,  furnished  the  cur- 
rent.    From  two  points  of  the  box  measuring  currents  of  suitable  magnitude  could 

th.-nce  In-  tapped  into  the  bridge.      Care  was  taken   to  keep  down  the  intensity  of 

them*  currents,  in  order  that  appreciable  beating  of  the  bolometer  strip  would  no! 

have  to  l»e  feared.  Thus  the  galvanometer  0  when  in  adjustment  showed  no  de- 
flection, either  on  closing  or  on  opening  the  circuit  at   the  ke\   it. 

When  the  electrical  or  thermal  condition  has  thus  become  stationary  and  the 
stopcock  Ot  of  the  receiver  is  then  suddenly  opened,  the  Lras  will  precipitately 
expand,  cooling  off  both  itself  ami  the  bolometer,  and  the  galvanometer  now  shows 
a  definite  deflection.  It  is  our  problem  to  find  the  temperature  ZJ  of  the  strip  at  the 
instant  when  the  temperatun  depression  of  tht  gas  is  <i  fHQerimum,  1»\  availing  our- 
selves of  the  electrical  registry  "•...  Let  us  assume  in  the  first  place  that  the  tem- 
perature of  the  strip  and  that  of  the  surrounding  gas  are  at  all  times  identical. 
Instead  ..f  considering  the  initial  pressure  j>,  given,  to  find  the  resistance  decre- 
ment "•,  w,  corresponding  to  the  pressure  decrement  p,  p,,  let  us  preferablj  adopt 
an  inverse  method  in  the  following  waj  :  Start  with  a  given  resistance  decrement 
then  by  trial  and  error  continually  change  the  initial  pressure JD,  until  the 
resistance  »/-,  of  the  l»>lo meter  strip  exactlj  corresponds  to  the  maximum  tempera- 
ture depression  of  the  gas.  No  doubt  this  is  a  somewhat  cumbersome  method,  but 
it  has  tin-  advantage  that  the  galvanometer  is  tised  with  the  needle  in  the  /.ere  po- 
sition only.  It  is  at  least  practicable  in  the  definite  and  final  measurements,  after 
the  approximate  values  of  the  correlated  quantities  p\  p»and  i0t— wf  are  already 
known. 

Tin- approximate  values  referred  to  can  1><-  found  either  bj  computing  back- 
Wards  from  known  values  of  n.  or  l»\  the  following  direct  procedure.  At  the  gas 
pressure  />,  and  temperature  l\  let  the  bridge  l»e  adjusted.  Then  let  the  resistance 
of  the  standards  /  be  reduced  from  "  ,  to  any  suitable  value  Ws.  The  bridge  is 
tbereb)  thrown  out  of  adjustment  and  the  galvanometer  needle  will  show  a  deflec 
tion.     !■'.  i  convenience  in  designation  let  the  direction  of  this  deflection  be  called 
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Figure  3 


Figure  5 
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positive  or  negative  according  as  the  resistance  in  Z  is  'larger  or  smaller  than  the 
equilibrium  value.  When  the  deflection  due  to  the  changed  resistance  in  Z  has 
become  permanent,  let  the  receiver  be  opened  and  note  the  effect  of  expansion 
on  the  galvanometer  needle.  Then  according  as  the  arbitrary  change  of  resist- 
ance at  Z  is  too  large  or  too  small,  the  needle  will  move  beyond  its  normal  posi- 
tion of  equilibrium,  or  it  will  stop  and  return  before  reaching  it  from  the  new 
position  of  equilibrium.  Owing  to  the  inertia  of  the  needle  such  results  are  not  very 
accurate,  and  they  are  in  large  measure  dependent  on  the  rate  of  efflux  of  the 
gas.  A  rather  insensitive  galvanometer  (or  one  made  so  by  proper  shunting)  is 
necessary  in  these  trials  because  of  the  relatively  great  resistance  decrements 
encountered. 

If  it  be  granted  that  the  temperature  of  the  gas  is  always  identical  with  that 
of  the  bolometer  strip,  and  that  furthermore  the  maximum  of  cooling  coincides  in 
date  with  the  maximum  elongation  of  the  needle,  theu  in  addition  to  furnishing 
approximate  values  for  k\-u\2  and  Pi-p°,  the  experiments  throw  light  also  on  the 
time  consumed  by  the  gas  in  passing  to  its  lowest  temperature. 

Guided  by  this  introductory  work  we  were  able  to  avail  ourselves  of  the  fol- 
lowing much  more  accurate  method  without  unduly  sacrificing  time.  Let  the 
pressure  ft  (known  approximately  from  the  preceding  experiments)  be  established, 
and  let  the  bridge  be  adjusted  for  the  temperature  1\.  The  approximate  value 
w^-w-i  corresponding  t<>  p,  being  given,  let  the  current  be  broken  and  the  resistance 
of  tin-  standards  Z  be  lowered  from  Wx  to  W.,,  without  change  in  the  position  of 
ill.-  sliding  contact  c.  While  the  bridge  is  thus  thrown  out  of  adjustment  and  the 
current  broken,  the  gas  is  allowed  t<>  expand,  but  the  current1  is  to  be  made  by 
closing  the  key  n  of  the  bridge  only  after  the  bolometer  has  reached  its  mini- 
mum resistance. 

After  some  practice  it  was  always  possible  to  so  change  the  initial  pressure  by 
small  amounts  and  so  vary  the  estimated  period  of  expansion,  that  the  needle  of 
the  galvanometer  remained  quite  at  rest"  for  some  time  after  making  the  current. 

When  th«-  oorreci  pressure  /',  has  been  found,  this  value  may  easily  be  checked, 
since  for  initial  pressures  either  slightly  less  or  slightly  greater  than  the  true  value 
the  galvanometer  will  show  positive  or  negative  deflections,  respectively  ;  and  thus 
the  datum  pt  can  be  enclosed  between  very  narrow  limits. 

'  It  was  found  preferable  to  close  the  current  in  the  battery  circuit,  not  in  the  galvanometer  cir- 
cuit, in  order  to  obviate  errors  arising  from  the  presence  of  thermoelectric  currents  in  the  bridge. 
No  temporary  thermocurrents  arise  during  the  efflux  of  the  gas,  as  we  proved  by  special  efflux 
experiments  made  for  a  circuit  open  at  //.     The  galvanometer  needle  remained  quite  at  rest. 

'  We  owe  this  method  ("  Einspringmethode  ")  to  Dr.  Kurlbaum,  who  took  part  with  us  in  the 
original  experiments  in  1885. 


In  i;  \ii..  Of  sir,  ii  i<    in.\i> 

The  galvanometer  need  iii  these  experiments  must  obviously  be  provided  with 
a  needle  which  will  follow  the  changes  of  current  in  t lit-  bridge  as  quickly  as  pos- 
sible. Hence  we  specially  constructed  ■  small  galvanometer  mi  the  model  of  Lord 
Kelvin's  instruments.  The  minor  was  suspended  from  a  quarts  fibre  5  cm.  in  length, 
and  carried  00  ita  rear  fare  a  sufficient  number  of  small  lamellar  magnets.  I  >eflec- 
tSOM  ueiv  read  olT  w  it h  scale  ami  telescope  placed  at  a  distance  of  about  2()0  cm. 
from  the  galvanometer. 

To  guard  against  the  effect  of  external  magnetic  disturbances  <>n  the  galvan- 
ometer, we  enclosed  it  in  a  double  envelope  of  soft  iron.  The  walls  of  this  cham- 
ber  wan  8  5  em.  in  total  thickness  of  solid  iron  and  were  perforated  bj  onlj 
a  -mall  opening  suitable  for  observing  the  mirror.    Two  astasizing  magnets  were 

iallv  provided,  one  of  them  placed  above  the  galvanometer  on  a  plate  with 
leveling  the  other  lying  on  the  galvanometer  bracket.  The  latter  was  addition- 

ally useful  us  a  directing  magnet.  The  period  of  the  needle  in  the  final  experi- 
ments was  about  4  seconds,  so  that  a  single  throw  was  completed  in  2  seconds. 

We  estimated  the  period  of  expansion  ("  Binspringzeit  ").  i.  &,  the  time  which 
is  to  elapse  between  opening  the  receiver  and  closing  the  galvanometer  circuit, 
by  the  beats  of  a  metronome,  anil,  after  some  practice,  found  it  fully  vouched 
for  to  a  fraction  of  a  second.  This  interval  is  dependent  on  the  size  of  the 
efflux   pipe. 

2.     Refaction  of  the  reetstana  increment,  >>•.  "...  to  degrees  of  temperature. 

Having  found    the   resistance    u\,   corresponding   to   the    instant    of   maximum 

temperature  depression,  we  next  proceeded  with  the  measurement  of  1\-T.t,  the 
temperature  equivalent  of  \i\-v\t.  Fortius  purpose,  the  Wheatstone  bridge  was  first 
put  into  balance  for  the  temperature  7,  of  the  bolometer  strip,  without,  however, 
COmpres-ing  the  -  Tests  were  applied  to  ascertain  whether  or  not  the  strip 
resistance  was  still    >/•,  as  required.      Thereafter  the  resistance  at  the  standards.  A. 

was  changed  to  M'.,  and  a  corresponding  depression  produced,  from  without,  in  the 

temperature  of  the  water  bath  (and  therefore  also  of  the  Strip),  Until  the  bridge 
mi  Lra\e  evidence  of  a  balance  by  reason  of  absen I'  current  in  the  galvanome- 
ter. This  condition  was  maintained  for  some  time,  throughout  the  whole  of  which 
the  needle  showed  no  deflection  on  closing  the  bridge  circuit.  The  temperature 
of  the  bath  was  now  read  off  ami  considered  identical  with  the  temperature  T% 
sought  The  datum  was  corroborated  by  returning  again  to  the  initial  tempera- 
ture  '/J  and  noting  whether  <r,  had  simultan. sly  regained  ita  original  value. 

The  advantages  which  we  claim  for  the  present  method  of  reducing  wx-v)t  to 
/     /    are  not  far  to  seek  :   In  the  first   place  the  experiments  take  but  little  time, 
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while  in  the  second  almost  all  the  corrections  which  are  usually  to  be  applied 
in  resistance  measurement  are  here  insignificant,  even  when  temperature  increments 
of  .01°  C.  are  in  question.  For  neither  w,  nor  w2  nor  their  differences  need  be 
known  in  absolute  value.  The  position  of  the  sliding  bridge  contact,  c,  alone 
requires  careful  attention.  Tliis,  together  with  the  resistance  standards  Z  in  branch 
2  of  the  bridge,  including  the  necessary  terminal  and  connecting  wires,  must  be  the 
same  and  similarly  circumstanced  during  temperature  measurements,  as  during  the 
actual  measurements  relative  to  changes  of  gas  pressure. 

Our  resistance  standards  were  made  of  manganine  wire.  Thick  copper  termi- 
nals and  yokes,  dipping  into  large  mercury  troughs,  enabled  us  to  connect  the 
individual  units  of  Z  at  pleasure.  All  the  connection  pieces  were  stout  and  of 
copper  wire.  Hence  changes  of  temperature  in  the  laboratory  were  quite  without 
influence  on  the  resistance  measurement. 

III. — Systematic  Errors. 

Before  proceeding  to  a  report  of  the  experimental  data,  we  will  endeavor  to 
form  some  estimate  as  to  the  effect  of  systematic  errors  <>n  the  results.  The  chief 
assumption  in  the  present  and  all  preceding  and  similar  methods  is  fundamental: 
Even  supposing  the  intrinsic  equation  for  the  perfect  gas  to  be  fully  applicable  to 
the  actual  phenomena,  what  assurance  have  we  that  the  expansion  obtained  is  truly 
adiabatiot  Rigorously  considered,  none  ;  for  heat  will  certainly  gain  access  into 
the  interior  of  the  gas.  This  heat  enters  partly  by  conduction  or  convection,  partly 
by  radiation,  and  its  influence  on  the  results  will  be  such  as  to  make  the  values 
found  for  ><  smaller  than  the  true  values.  The  influx  of  heat  due  to  conduction 
comes  partly  from  the  walls  of  the  receiver,  partly  by  direct  metallic  conduction 
from  the  terminals  and  flaps  of  the  bolometer  strip.  The  former  source  of 
discrepancy  occurs  uniformly  in  all  experiments  in  which  measurements  are  made 
relative  to  an  expanding  gas.  It  is  just  in  this  respect  that  the  present  procedure 
for  k  measurement  has  distinct  advantages  over  all  earlier  methods;  for  these 
determined  T.,  indirectly,  by  the  aid  of  a  special  pressure  measurement;  and 
therefore  the  total  heat  conducted  inwards  from  the  walls  of  the  receiver  must 
have  entered  the  results  as  an  error.  In  our  experiments,  however,  the  bolometer 
strip  is  suspended  in  the  centre  of  a  large  sphere  and  that  part  only  of  this  heat 
can  be  effective  which  moves  as  far  as  the  bolometer  through  the  concentric  layers 
of  gas.  In  virtue  of  the  low  order  of  heat  conduction  in  gases,  the  time  in  which 
heat  can  reach  the  centre  is  so  long  an  interval,  in  spite  of  convection,  that  appreci- 
able rise  of  temperature  at  the  bolometer  cannot  occur  until  the  expansion  is 
complete  and  T2  fully  measured.     The  superiority  of  the  present  method  of  attack 
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is  ,  for  instance,  by  malts  which   show  all  n->i  -  in  tin- 

bolometer  to  be  independent  "f  the  time  <>f  efflux,  within  time  limits  as  broad  as  2 
to  8  second-,  iii  th  -  »f  air.  Trne,  in  the  best  of  the  earlier  experiments,  the 
beat  influx  from  conductiou  from  the  walls  of  the  vessel  is  »f  serious  moment  only 
f.T  the  better  conducting  gases,  since  the  receivers  used  were  all  of  large  capacity. 
</-/r//.  however,  openly  acknowledges  that  the  value  <>f  ><  for  hydrogen  found  in 
his  experiments  must  be  considerably  below  its  real  value.  We  therefor.-  refer  to 
it  as  conclusive  evidence  in  favor  of  our  method,  that,  at  variance  with  the  results 
of  all  earlier  investigators,  our  method  actually  gives  us  a  larger  w-value  for 
hydrogen  than  for  air. 

v  ither  cau  the  heat  which  enters  by  metallic  conduction  along  the  electrical 
terminals  of  the  bolometer  adjustment  have  produced  any  Berious  rise  of  tempera- 
tan — certainly  not  in  that  part  of  the  gas  immediately  around  the  strip.  The  thin 
film  of  pure  platinum  by  which  the  measurements  arc  virtually  made,  is  free  from 
silver  and  quite  distant  from  the  walls  of  the  receiver.  It  is,  moreover,  placed  bchur 
the  levels  of  the  terminals,  so  that  true  conduction  heat  only  and  not  convection 
heat  can  reach  it.  For  this  reason  the  bolometer  temperature  remains  constant  even 
for  several  seconds  after  the  completed  expansion  of  air. 

Regarding  the  heat  imparted  by  the  bolometer  to  the  gas,  the  following  infer- 
ences may  lie  drawn.  We  have  intimated  that  the  measuring  current  was  alwa\  B 
reduced  to  so  small  a  value  as  not  appreciably  to  change  the  temperature  of  the  bo- 
lometer strip.  Hence  we  may  abstract  from  the  Joule  heat  set  free  within  the 
film  altogether.  .Similarly  the  heat  which  the  bolometer  strip  gives  up  to  the  • 
pending  gas  is  negligibly  small ;  the  thermal  capacity  of  the  strip,  in  view  of  the 
dimensions  stated,  i-  only  about  .000  067  gram  calories.  This  is  about  equivalent 
to  the  thermal  capacity  of  ^  cur*  of  air.  Similarly  the  heat  removed  from  the 
silver-covered  parts  of  the  bolometer  is  without  moment,  for  these  cool  very  rapidly. 

Thus  it  happens  that  at  least  those  regions  <>f  the  £88  which  immediately  sur- 
round the  etched  part  of  the  platinum  strip  may  l»e  regarded  as  screened  from  all 
heat  conduction    They  therefore  expand  quite  adiabatically. 

We  have  now  to  consider  the  question  in  what  degree  the  temperature  72  of 
the  gM  after  expansion,  coincides  with  the  actually  measured  minimum  tempera- 
ture of  the  bolometer  strip.  Since  the  temperature  of  the  bolometer  is  constant  for 
•uds  during  the  observation  of  71,  it  follows  that  the  bolometer  tempera- 
tore  can  only  differ  from  that  of  the  gas  if  there  i>  a  permanent  flow  of  heat  into 
the  strip.  Iii  such  a  case  a  stationary  distribution  of  temperature  is  conceivable,  in 
which  the  bolometer  would  impart  heat  to  the  gas  at  the  Bame  rate  in  which  it 
receives  it.     We  can  but  acknowledge  that  there  must  lie  at ssion  of  heat  in  the 
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bolometer  from  the  following  three  sources  :  (1)  as  the  result  of  electric  current  in 
the  strip  (this,  as  we  have  already  seen,  being  negligible)  ;  (2)  as  due  to  conduction 
through  the  terminals;  (3)  as  due  to  direct  radiation  impinging  upon  the  strip  from 
the  walls  of  the  receive*. 

To  treat  the  second  case  first :  the  heat  received  by  the  strip  from  the  thick 
terminals  may  be  approximately  computed, — at  least  with  reference  to  the  error 
resulting.  We  will  assume  for  this  purpose  that  the  terminals  retain  their  initial  tem- 
perature dining  the  whole  interval  of  expansion.  Let  the  bolometer  strip  be  a  thin 
straight  conductor,  one  end  of  which  is  kept  permanently  at  the  temperature  S0  of 
the  terminals,  while  the  surrounding  air  is  at  the  temperature  Bt.  Let  x  be  the  dis- 
tance of  any  point  of  the  strip  from  the  terminal  end  at  temperature  30,and  let  sbe 
the  temperature  at  this  point  at  the  time  t.  Hence  by  Fourier's  equation  of  the 
temperature  distribution  in  an  infinitely  long  rod  subject  to  radiation 

d  b       .  a*  s 


a  /  d  x 


■ 


/2  (s  -  £>,) (3) 


wherein 


az  =  — ,  and  f*  = 

C  H  C  IK] 

and  k  denotes  the  coefficient  of  internal  heat  conduction. 
//,  the  coefficient  of  external  heat  conduction. 
c,  the  specific  heat  of  the  strip. 
/',  its  density. 

q,  the  area  of  a  right  section. 
u,  the  circumference  of  a  right  section. 

But  the  thickness,  d,  of  the  strip  is  negligibly  small  as  compared  with  its 
breadth  :  therefore 

u         2 

At  the  close  of  the  expansion  the  thermal  distribution  is  stationary  along  the  wire 
as  observation  has  shown.     Hence    '     =  <»,  and  equation  (3)  becomes 

^3*4  =/«(*- 3.) (4) 

a  x* 

If  for  x  =  0,  the  temperature  of  the  strip,  we  put  $  =  9„,  and  for  x  =  oo,  we 
put  S  =  B„  the  integral  of  equation  (4)  is 

»-9t  =(*.,-$,),-*//« (5) 


where 


a         V  T  T 


The  fol lowing  values  may  be  assumed  for  the  middle  or  etched  part  of  the 
platinum  strip  ! 
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*  =    IO,  H    =    31, 

h  =  .003,'  </  =  .0006, 

t  =  03, 

all  quantities  being  here  given  in  terms  of  milligrammes,  millimetres,  and  seconds. 
Thus//*/  in  very  nearly  1  ami  we  obtain 

S-S,  =  (sa-$ty~" (6) 

Heme  when  the  gas  cools  down  as  far  as  $„  —  3,  =  15°  C,  we  lind  for 

x  =  0.1  cm.  S  —  S,  =  6°  C, 

*=     .5  cm.  S-SI=.,oc. 

If,  therefore,  the  vei  v  t Inn  silver-free  plat iniini  film  w  "re  soldered  directly  to  the  stout 
copper  terminals,  a  fall  of  temperature  would  be  manifest  at  the  ends  of  the  plat- 
inum strip,  the  influence  of  which  would  be  far  from  negligible  in  its  bearing  on 

In  view  of  the  interposition  of  the  gradually  narrowing  or  arrow-shaped  flap 
of  platinum  and  silver  between  the  terminals  and  the  effective  bolometer  strip,  the 
distribution  of  tenqwrature  is  materially  changed.  For  the  flap  in  question  the 
constants  may  be  estimated  as  follows: 

k  =  109, 
h  =  .003, 
c  =  .06, 
f  =  "0.5, 
d  =  .0066, 

all  taken,  as  before,  with  reference  to  milligrammes,  millimetres,  and  seconds,  while 
h  is  entered  unfavorably  with  a  value  decidedly  large.  In  this  case  the  quotient 
f/a  is  found  by  computation  to  be  .09,  and  the  temperature  distribution  for 
30  —  S,  =  15"  is  now  such  that  at  a  distance  of  3  cm.,  the  increment  is  but  1°  C.  The 
effect  of  using  the  end  flaps  of  silver  is  thus  a  reduction  of  temperature  from  the 
terminals'  to  the  Strip,  fast  enough  to  quite  wipe  out  any  serious  discrepancy  due 
to  unequal  temperature  in  the  strips. 

In  view  of  the  good  conduction  of  electricity  by  the  silver  flaps,  furthermore, 
the  change  of  resirtsnee  due  to  change  of  temperature  is  equally  inappreciable. 
Thus  any  marked  discrepancy  due  to  conduction  of  heat  along  the  terminals  to  the 

'  This  number  has  been  obtained  for  thick  rods  of  iron  and  German  silver.  We  were  obliged 
to  enter  it,  not  having  found  any  special  value  for  platinum.  Clearly  the  quantity  //  cannot  in  any 
real  case  be  a  constant.  It  must  increase  very  rapidly  with  the  decreasing  diameter  of  a  given  rod. 
thus  the  value  above  assumed  is  considerably  too  small.  For  very  thin  rods  Cardani  finds  h  =  .06 
(Nuov.  Cim.,  [3],  vol.  30,  pp.  33-60,  1891).  If  a  larger  value  for  //  than  the  above  is  put  into  the 
equations,  the  results  obtained  would  be  more  favorable  to  our  argument  than  those  given  in  the 
text.     Thus  if  h  —  .06,  and  x  =  0.1  cm.,  $  —  $,  =  .14°. 
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bolometer  strip  seems  to  have  been  effectually  excluded  in  the  form  of  experiment 
stated.1 

We  may  also  use  the  Fourier  equation  to  find  in  what  degree  the  platinum 
strip  coincides  with  or  follows  the  temperature  of  the  gas.  For  simplicity  we  will 
assume  that  the  gas  temperature  sinks  from  its  original  value  (^0),  at  a  constant 
rate  in  the  lapse  of  time.     In  other  words,  put 

»,»*,-#< (7) 

If  now  we  neglect  the  heat  flux  from  the  ends  of  the  bolometer  strip  toward  the 
middle, 

dx 
and  S  =  90  for  t  =  0.     The  integral  of  the  general  equation  (3)  thus  becomes 

S-S1=^(i-,-/S') (8) 

which  for  /  =  <x  takes  the  simpler  form 

*-*,=  -- ^ 

The  difference  (^  —  ^,)  between  the  temperature  ($)  of  the  bolometer  strip  and 
the  temperature  (s,)  of  the  air  has  therefore  a  maximum  value  of  b/f2.  For  the 
platinum  measuring  strip  (silver  removed),  the  above  constants  show  f*  =  15. 
Hence  the  bolometer  will  coincide  in  temperature  with  the  air  after  about  1/1 5th 
second.  However,  since  h  has  been  taken  very  decidedly  too  small,  the  real  case 
is  correspondingly  more  favorable.  With  this  deduction  our  observations  agree ; 
for  the  bolometer  reached  the  stationary  state  immediately  after  the  noise  due  to 
outrush  of  gas  on  expansion  had  subsided. 

The  last  of  our  sources  of  error,  viz.,  internal  radiation,  remains  to  be  dis- 
cussed. By  this  agency  the  bolometer  permanently  receives  heat  from  the  environ- 
ment, since  the  walls  of  the  receiver  B  retain  their  initial  temperature  Tx.  But 
this  heat,  which  is  proportional  to  1 \  —  1 2,  may  be  computed  only  if  the  values  of 
the  emission  and  absorption  coefficients  of  the  reciprocating  bodies  were  known. 
In  the  absence  of  satisfactory  data  for  these  quantities  we  made  an  endeavor  to  de- 
termine the  effect  of  radiation  experimentally. 

With  this  end  in  view,  we  covered  the  silver-free  part  of  the  bolometer  strip, 
galvanically,  with   platinum  black,2  and  then  repeated  the  expansion  experiments 

■  If  with  the  same  constants  and  in  the  same  manner  the  fall  of  temperature  be  computed 
for  our  original  device  of  a  bolometric  spiral  of  silver  wire,  .004  cm.  in  diameter,  the  results  are 
such  as  fully  to  account  for  the  difference  between  our  earlier  values  and  the  present. 

1  According  to  the  recipe  given  by  Lummer  and  Kurlbaum,  cf.  Verh.  der  Physik.  Gesell., 
Berlin,  June  14,  1895. 
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with   tin-   blackened  strip  so  obtained.     The  high  absorptive   power  of  platinum 
black  leil  n*  t.i  anticipate  an  increased  temperature  difference  between  the  bolome* 

]•  ami  the  air.  since  tliis  difference, due  to  the  influx  of  radiant  heat  from  the 
Mails  of  the  receiver,  would  more  appreciably  affect  the  black  strip  than  the  bright 
atrip  of  tin-  usual  experiments.  Indeed  the  temperature  differences  severally  en- 
countered should  be  in  the  ratio  of  the  absorptions  in  the  two  ca-es.  We  man 
git]  measurement  of  the  relative  absorption  <>f  bright  platinum  and  platinum C0V- 
I  in  the  manner  in  question,  by  exposing  two  surface  bolometers,  one  of  which 
contained  t|,,.  bright  platinum  foil  and  the  other  the  platinum-blacked  foil,  to  the 
radiations  of  warm  water  in  a  copper  vessel.1  These  investigations  showed  that  plat- 
inum black  absorbs  the  radiations  from  a  copper  surface  for  the  temperature  inter- 
val of  H>0  ('.  to  30°  C,  nearly  fifteen  times  more  powerfully  than  bright  platinum. 
Ib-nce  as  the  change  of  h,  due  to  radiation,  is  now  a  small  quantity,  it  BufficeB  to 
deduct  the  x  value  computed  by  equation  (1)  for  a  blackened  bolometer  strip  from 
the  value  obtained  under  otherwise  like  conditions  but  with  the  bright  bolometer 
strip,  to  divide  this  difference  by  14,  and  eventually  to  add  the  correction  so  found 
to  all  x  values  corresponding  to  uncovered  bright  platinum  foil.  This  correction  is 
in  fact  so  small  that  we  deemed  it  sufficient  to  determine  it  for  air  only,  and  to 
apply  it  without  further  change  to  the  values  for  the  other  gas 

I V. — Observations. 
a.  air. 

We  will  premiss  the  present  section  by  communicating  a  few  tables  taken  at 
random  from  our  journal  of  observations,- in  order  to  afford  an  insight  into  the 
general  character  and'the  accuracy  of  our  results. 

As  an  example  showing  the  consistency  of  the  results  in  relation  to  velocity 
of  efflux,  we  may  cite  the  pressure  measurements  for  air  made  on  the  12th  of  June, 
1893.  For  an  interval  of  expansion  (''  Einspringgeit")  of  12  seconds  for  the  case 
of  the  smallest,  and  of  ■_'  seconds  for  the  largest  efflux  opening,  the  data  contained 
in  the  two  following  tables  were  respectively  obtained.  The  first  column  in  each 
shows  the  numbers  read  off  on  the  scale  of  the  sulphuric-acid  manometer'  directly. 
In  the  second  column  -f  shows  that  the  pressure  was  too  large,  —  that  it  was  too 
small,  while  ±  denotes  a  correct  pressure  value.  The  third  column  contains  data 
for  the  position  <>f  the  sliding  contact  on  the  Wneatstone  bridge,  and  the  fourth 

'  We  wish  in  this  place  again  to  thank  Mr.  Kurlbaum  for  his  active  participation  ia  these 
preliminary  experiments. 

*  the  numbers  refer  to  an  arbitrary  scale,  and  do  not  show  the  height  of  the  column  of  acid 
at  once.  To  find  the  pressure  in  centimetres  of  HtS04,  they  must  be  increased  by  about  26. 
Cf.  data  for  comparison  in  table,  pages  20,  22. 
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the  temperatures  read  off  on    the    mercury  thermometers.     Throughout  this  tem- 
perature measurement  the  balancing  resistance  Wt  inserted  at  Z  was 

70  +  10  +  2*  +  1  +  .2  +  .2*  +  .1  +  .5  +  2, 
of  which  2  ohms  were  inserted  before  opening  the  receiver;  hence    Wx  —    W2  — 
2  ohms. 

The  following  results  were  therefore  found  on  July  12,  1893,  12880-  being  the 
period  of  efflux : 

EFFLUX    TIME    I2SKC'  ;    JUNE    12,    1893. 


Manometer. 

Pressure. 

Bridge. 

Temperature.1 

Mark  25.05 

598 

14-63°  c. 

25.12 

— 

594 

14.61 

25.22 

± 

595 

14.62 

25-35 

+ 

596 

1463 

2527 

+ 

597 

14.64 

25.20 

± 

597 

1463 

25.20 

— 

598 

1463 

25.28 

+ 

598 

1463 

25-25 

+ 

597 

1463 

These  data  show  that  25.23  cm.  is  the  correct  value  at  the  pressure  manometer, 
since  25.20  cm.  is  obviously  low  and  25.25  cm.  too  high. 

The  data  found  on  the  same  day  for  the  smallest  efflux  time  of  2  seconds  are 
similarly  detailed  as  follows: 

EFFLUX    TIME    2SEC   ;   JUNE    12,    1893. 


Manometer. 

Pressure. 

Bridge. 

Temperature. 

Mark,  25.25 

+ 

597 

14-63°  c. 

25.21 

+ 

597 

1463 

25-I7 

+ 

597 

14.64 

25-08 

+ 

597 

1463 

24.96 

— 

597 

1463 

25.00 

± 

596 

1463 

2504 

+ 

596 

1463 

To  accord  with  this  table,  25.00  must  be  considered  as  the  pressure  value 
most  nearly  correct ;  and  indeed  the  galvanometer  needle  during  this  observation 
remained  absolutely  at  rest  for  several  seconds  after  expansion.  The  pressures 
corresponding  to  12"eo-and  to  28ec  of  efflux  time,  differed  on  that  date  only  by  .23 
cm.  of  sulphuric  acid  or  by  .023  cm.  of  mercury.  True,  the  expansion  can  no  longer 
be  considered  adiabatic  when  the  efflux  time  is  as  large  as  12  seconds,  and  yet  this 
large  variation  of  the  experiment  does  not  change  the  h  value  sought,  by  more 
1  All  the  temperatures  given  are  corrected  values. 
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than  the  equivalent  «>f  the  pressure  difference,  <>r  in  consideration  of  the  1\  vai 
applicable,  by  mora  khan  .2  %. 

A  third  oomplete  measurement  eoi responding  to  6"°  oi  efflux,  gave  us  25.03 
cm.  a*  the  eorreel  preesura  value  at  the  suJphuric-acid  manometer. 

The  agreement  between  the  reduced   values  of  observations  made  under  like 
litions  on  different  days  was  equally  satisfactory. 

The  temperature  measurement*  corresponding  to  the  experiments  to  which  the 
above  tables  apply  showed  for  the  resistance  W2  at  Z, 

Wt  =  7o  +  10  +  2*  +  1  +  .2  +  .2*  +  .1  +  .5, 
that  there  was  a  balance  in  the  Wheatstone  bridge  for  the  temperatures  contained 
in  the  following  table.     This  table,  moreover,  gives  a  good  exhibit  of  the  constancy 
of  temperature  in  the  water  bath,  here  definitely  below  the  temperature  of  the  room. 


Temperature. 

Time. 

8.020  C. 

11"    46m 

8.01 

»I      55 

8.00 

I2        5 

8.00 

12       IO 

8.00 

12       15 

8.00 

12        20 

8.00 

12       25 

Thus  the  temperature  of  the  air  imprisoned  at  a  pressure  excess  of  25.00  cm.,  falls 
during  adiabatic  expansion  from  14.63°  C.  to  exactly  8.00°  C. 

The  pressure  comparisons  made  on  June  13  and  belonging  to  the  given  ex- 
ample are  among  the  following  data,  where  the  temperature  of  the  mercury  was 
18°  C.  Owing  to  motion  of  the  mercury  columns  in  the  tubes  an  even  number  of 
observations  is  made  for  one  limb  and  an  uneven  number  for  the  other. 


in  the 

Sulphuric-Acid  Manometer. 

Mercury  Manometer. 

Upper  Limb. 

I  .<•«  n  Limb. 

1    ■ 

- 

*5'5 
2515 

'5-32 
»5-32 

8.76 
8.77 
878 

2 

1 

25.15  [cm.,  H.SOJ  = 

25.08 

25.10 

6.55  [cm.,  Hg.] 

«5  3° 
15.28 

8.79 
8.79 
8.79 

25.09  [cm,',H,S04]  = 

6.50  [cm.,  Hg 

I- 
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Hence 


Thus  we  find 


whence 


Division  mark  25.00  H8S04,  =  6.47  cm.,  Hg,  at  180  C, 
"      25.00  H,S04,  =  6.45  cm.,  Hg,  at  0°  C. 
Initial  temperature  Tt  =  272.4 '  4-  14.63  =  287.03, 
Final  temperature  Tt  =  272.4     +     8.00  =  280.40. 
The  barometer  height  was  found  to  be  75.97  cm.  of  Hg. 

Initial  pressure  :  /,  =  75.97  -f-  6.45  =  82.42  cm., 
Final  pressure  :  p2  =  75.97  cm., 


log/>,   -logj>j 


log  7',) 


=  1. 4021. 


log/,  -log/,  -  (log  7\ 
The  following  tables  are  to  show  in  what  degree  observations  made  on  different 
days,  but  under  like  conditions,  agree  with  each  other. 

EFFLUX    TIME    5SBC-  ;    JUNE    13,    1893,    2H-    P.M. 


Manometer. 

Pressure. 

Bridge. 

Temperature. 

Mark  25.12 

+ 

593 

i4.630C. 

24-93 

— 

593 

14.64 

25.10 

+ 

59° 

1463 

250S 

+ 

59i 

14.63 

2495 

59i 

14-63 

The  barometric  height  for  the  day  was  76.01  cm.,  and  the  value  of  x  computed  for 
25.00  at  the  acid  manometer  becomes 

x  =  i. 4019 
wheu  the  pressure  comparison  cited  above  is  inserted. 

The  following  table  was  obtained  on  the  morning  of  the  same  day,  the  baro- 
metric height  being  76.06  cm.  Hg. 

EFFLUX    TIME    25MC"  ;    JUNE    13,    1 893,    1 2H    M. 


Manometer. 

Pressure. 

Bridge. 

Temperature. 

Mark  25.02 

__ 

586 

14.6 1°  C. 

*5-»7 

+ 

.594 

14.64 

25.12 

+ 

597 

'4-63 

25.07 

± 

593 

I4-63 

25.10 

+ 

595 

I4-63 

The  mimic  pressure,  25.07,  at  the  acid  manometer  was  obtained  for  an  efflux 

time  of  6  seconds,  while  the  needle  of  the  galvanometer  remained  motionless  for 

8  seconds.     Availing  ourselves  of  the  above  pressure  measurement  we  thus  obtain 

k  =  1.40 1  2. 

'  The  reasons  for  preferring  —  272. 40  C.  to  —  2730  C.  as  the  position  of  the  absolute  zero  of 
temperature  will  be  given  on  page  25. 
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Several  series  of  experiments  which  after  a  long  interval  of  inactivity  were 
obtained  with  a  new  sulphuric  acid  manometer  and  a  more  accurate  cathetometcr 
are  now  to  he  given.  The  first  series  of  experiments  was  conducted  on  March  13, 
1894,  uniler  conditions  of  low  barometric  height*  74.42  cm.,  and  for  a  relatively  low 
t»-mj>eratuiv,  11.91°  C,  of  the  water  hath.  At  this  temperature  the  l»a lancing  resist- 
ance in  the  Wheatatoue  bridge  at  Z  was 

//',  =  70  +  10  +  a  +  1  +  2*  +  .2, 
of  which  8*  +  ..'  ohms  were  inserted  before  opening  the  charged  receiver,  March 
13,  1^ 


Manometer. 

Pressure. 

Bridge. 

Temperature. 

Mark   13.4 

— 

589 

II. 91°  C. 

'5* 

+ 

589 

1  1. 9 1 

'355 

— 

S»9 

1  1. 91 

14.02 

— 

589 

1  1.91 

14.40 

+ 

589 

II. 91 

«4-5° 

+ 

589 

11. 91 

14.2a 

589 

II. 91 

14.20 

589 

1 1. 91 

14.40 

+ 

589 

1 1. 91 

The  pressure  value  corresponding  to  the  division  14.21  on  the  acid  manometer 
was  therefore  considered  correct.  Its  value  was  found  from  the  following  pressure 
comparison  made  when  the  temperature  of  the  mercury  was  20°  C. 


Mercury  Manometer. 

Sulphuric-Acid  Manometer. 

Lower  Limb. 

Upper  Limb. 

'4  30 

8.078  cm. 

15.20  cm. 

8.080 

15.20 

8.076 

15.21 

8.075 

J5-2°5 

«4*5 

8.085 

15.200 

8.088 

15.208 

8.088 

15.204 

14-23 

8.085 

15.200 

8.081 

15.210 

8.099 

15.202 

8.099 

15.198 

8. 10 1 

15.200 

14.20 

8.095 

'5'97 

8.096 

15.198 

8.104 

15-198 

14.18 

8.099 

14.30 

8.090 

15.190 

8.097 

15.190 

8.090 

15.202 

8.088 

15.190 

14.18 

8.090 
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Tbe  mean  value  of  all  these  data  shows  that  the  division  mark  14.21  on  the  acid 
manometer  corresponds  to  7.105  cm.  of  Hg. 

The  temperature,  72,  corresponding  to  the  resistance  standards  at  Z, 

Wt  =  70  +  10  4-  2  4-  1, 

and  the  position  589  of  the  sliding  contact  of  the  bridge,  were  deduced  from  the 
following  data  observed  on  the  10th  of  February : 


Temperature. 

Bridge. 

Time. 

4-3  i°C 
4-3' 
4-3° 
4-3 ' 

522 
522 
522 
522 

jh.        Qm 

I         5 
1       IO 

I       15 

4.3i 

.    4-31 

4-31 

522 
522 
522 

i"-  50"- 

1  55 

2  0 

4.89 

646 

2h-     IOm- 

From  these  data  we  find  by  interpolation  that  the  temperature  4.64°  C  corresponds 
to  the  position  589  of  the  sliding  contact.     Hence  the  present  result  is 

«  =  1.3989. 

Another  series  of  experiments  was  made  on  March  16,  1894,  when  the  ba- 
rometer stood  at  75.24  cm.  Hg.,  and  the  temperature  of  the  water  bath  was  16.41° 
C.     The  resistance  standards  inserted  at  Z  \a  the  bridge  were 

U\    =    70+    10-+-5    +    I    +.5    +    -2, 

IV  t  =  70+10+2  +  1. 


Manometer. 

Pressure. 

Bridge. 

Temperature. 

5»*5 



489 

16.42  °  C. 

51-45 

— 

489 

16.42 

52.25 

+ 

487 

16.41 

51-55 

— 

487 

16.41 

51.88 

+ 

487 

16.41 

5'-7o 

487 

16.41 

51.62 

487 

16.41 

The  correct  pressure  was  taken  as  the  equivalent  of  division  mark  51.70. 
How  closely  the  corresponding  mercury  pressure  has  been  found  will  be  seen  in 
the  following  pressure  comparisons  made  on  successive  days: 
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MAY  9,   1894. 


Mercury  Manometer. 

Salpharic-Ack)  Manometer. 

Lower  Limb. 

Upper  Limb. 

5'7S 

6.396 
6.398 
6.398 
6.400 
6.398 
6-399 

18.761 

18.757 
18.758 
18.756 
18.755 
•8-755 

51.70  [cm.,  H,S04]  =  12.358  [cm.,  Hg]. 


MAY  25,  1894. — NO.  I. 


Sulphuric-Acid  Manometer. 

Mercury  Manometer. 

Lower  Limb. 

Upper  Limb. 

5«-75 

51.70 
5 '69 
5"  7° 
5'69 

4.826 
4.828 
4.830 
4.832 

i7.«8S 
17.185 
17.187 
17.186 
17.187 

51.71  [cm.,  H,S04]  =  12.357  [cm.,  Hg]. 


MAY  25,  1894. — NO.  2. 


Sulphuric-Acid  Manometer. 

• 

Mercury  Manometer. 

Lower  Limb. 

Upper  Limb. 

5'-7° 
5«-7' 

51.70 

4.832 
4833 

17.186 
17.186 

17-1*5 

51.70  [cm.,  H,S04]  =  12.353  [cm.,  Hg]. 


The  teiii|*Tiiture   rl%  (4.14°),  corresponding  to  the  resistance  W%y  was  determined 
in  a  way  similar  to  the  method  given  above.     These  data  therefore  show 

h  =  1. 4012. 

b.      HYDROGEN. 

In  conclusion   we  will  communicate  a  similar  series  of  results  for  hydrogen, 
■electing  data  found  for  three  different  pressures.     The  same  bolometer  strip  sub- 
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served  the  purposes  of  measurement  as  in  the  preceding  experiments.     The  resist- 
ance at  Z  was  at  the  initial  temperature  : 

Wx  =  70 +  10 +  .2* +  5 +  .2  +  1; 
and  at  the  final  temperature : 

IV,  =  70  +  10  +  .2*  +  2.*+  .5. 
In  the  case  of  hydrogen  the  period  of  efflux  for  corresponding  apertures  is  much 
smaller  than  for  the  other  gases. 

EFFLUX    TIME  I^8KC-;    APRIL  26,  1894. 


Manometer. 

Pressure. 

Bridge. 

Temperature. 

.51.00 

+ 

601 

l6.oi°C. 

53-00 

+ 

601 

16.01 

5'-9° 
5«-4Q 
51.60 

+       ? 

+ 

599 
601 
60 1 

'5-99 
16. Ol 
16.01 

5'85 
51-55 
5«-65 

+ 

605 
603 
604 

16.02 
16.01 
16.02 

EFFLUX 

1IME  i  s"c-. 

Manometer. 

Pressure. 

Bridge. 

Temperature. 

5'-54 
51.20 

5'-65 

=1:     ! 
+ 

604 
604 
603 

16.OI 
16.02 
16.OI 

In  spite  of  the  shortness  of  the  efflux  time  (^  second),  the  galvanometer  needle 
at  the  pressure  of  51.54  remained  quite  at  rest  for  two  (2)  seconds.  In  the  follow- 
ing series  of  experiments  all  quantities  except  the  position  of  the  sliding  contact 
on  the  bridge  and  the  initial  temperature  are  exactly  the  same  as  in  the  preceding 
series;  but  we  operated  with  a  larger  efflux  opening. 

EFFLUX    TIME^S"C-;     APRIL  28,   1894. 


Manometer. 

Pressure. 

Bridge. 

Thermometer. 

65.00 

+ 

530 

i7-3i°C. 

63-50 

— 

M 

II 

64.20 

+ 

tt 

(( 

64.00 

+ 

« 

II 

<53-55 

it 

11 

63-85 

-h 

tt 

II 

63-65 

53* 

tt 

63-75 

— 

53° 

tl 

64.00 

+ 

f| 

In  the  following  experiments  for  a  smaller  pressure  excess,  the  change  of 
resistance  amounted  to  3.1  ohm.     The  largest  efflux  opening  was  made  use  of. 


M 


KATI"   O  :ih     III   ' 

srri.ux  tiiii  iril  28,  1894. 


cltt. 


Picture. 

Bridge. 

Thermometer. 

+ 

53° 

I7-3«°C. 

S3* 
a 

M 

+ 

!! 

+ 

tt 
u 

%4 
M 

— 

u 

U 

36.00 

34.10 

3500 
36.00 

3550 

35  7o 
35-35 

Tin*  period  <>f  quiescence  of  tlie  galvanometer  needle  proved  ;it  the  pressure 
35.50  to  be  quite  one  second. 

We  may  remark  that  the  observer  at  the  galvanometer  was  not  instructed  as 
to  the  height  of  the  pressure  excess  which  the  second  observer  prod  need.  The 
same  observer  simultaneously  kept  the  temperature  of  the  water  bath  at  the 
desired   value. 

ft    TEMPERATURE    DISTRIBUTION    IN    THE    WATER    BATH. 

Finally  we  wish  to  give  a  brief  summary  of  the  bolometric  measurements  made 
relative  to  the  distribution  of  temperature  within  the  water  bath  (cf.  page  5). 
The  mean  temperature  of  the  bath  in  the  lapse  of  time  was  kept  constant  in  the 
manner  specified  above,  to  the  degree  given  in  the  first  column  of  the  following 
table.  The  second  column  shows  the  deflection  of  the  galvanometer  needle  in  scale 
parts,  obtained  for  suitable  resistance  ratios  in  the  respective  branches  of  the 
Wlieatstone  bridge.  The  third  column  contains  the  time  of  observation.  We 
adduce  three  series  of  observations:  in  the  first  and  third  the  bolometer  was  near 
the  surface  of  the  water  in  the  bath,  while  in  the  second  it  was  near  the  bottom. 


Temperature. 

Deflection. 

Time. 

Bolometer. 

• 

15-70°  c. 

1570 

15.70 

'5-70 

105.0 
104.0 
104.0 
103.0 

I".    ,r 

1       22 

1       27 
I       32 

l"     37"" 
1       42 

I     47 

>               above 

>5-7° 
'5-7° 
15.69 

104.0 
105.0 
IO3.O 

below 

«5-7o 
»5-7o 

106.5 
>05-5 

I      58 

: 

above 

The  sensitiveness  of  the  method  is  particularly  seen  in  the  following  table 
of  collateral  data. 
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Temperature. 

Deflection. 

Time. 

Bolometer. 

15.600  c. 

15.60 

15.60 

53.° 
540 

S4-o 

2h-    5m' 

2        IO 
2        t$ 

>             above 

V. — Results. 

Equation  (1)  which  is  made  the  basis  of  the  present  experiments  applies  for 
perfect  gases,  the  intrinsic  equation  of  which  is  of  the  form  due  to  Mariotte  and 
Gay  Lussac : 

pv  —  RT, 

where  j?  is  the  pressure  corresponding  to  the  volume  v  at  the  absolute  temperature 
T,  and  Ji  is  a  constant.  For  air,  oxygen,  and  hydrogen  this  equation  is  admissible, 
provided  the  zero  point  of  the  absolute  scale  of  temperature  be  located  in  conform- 
ity with  the  properties  of  the  gases.  This  is  done  if  the  absolute  temperature  2  is 
computed  from  the  temperature  t  in  degrees  centigrade  by  the  formula 


in  which  a  is  the  coefficient  of  expansion  of  the  gas  in  question.  We  may  remark 
that  the  effect  of  this  difference  of  a  for  the  different  gases  in  question  is  usually  of 
little  significance. 

We  made  the  computation  in  the  same  way  for  carbon-dioxide,  although  the 
departure  from  the  laws  appertaining  to  perfect  gases  is  appreciable  for  this  body,  or 
at  least  is  larger  than  for  the  other  gases.  The  values  for  a  and  -  used  in  the  pres- 
ent paper1  are  as  follows: 


a. 

,/«. 

Air 

.0036706 

•°°36743 
.0036613 
.003699 

272.4 
272  2 

2731 
270.3 

Oxygen 

Carbon-dioxide 

a.  aik. 


The  air  was  taken  directly  from  the  atmosphere  in  the  room  and  successively 

passed  through  concentrated  sulphuric  acid,  a  drying  tube  containing  calcic  chloride 

1  The  values  for  n  communicated  at  the  Oxford  meeting  of  the  British  Association  were  found 
for  i/«  =  273.     Hence  these  results  will  differ  slightly  from  the  present  series. 


M 
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ami  a  wad  of  absorbent  cotton  w  (fig.  1).  Two  series  of  experiments  were  made: 
OM  consisting  of  5  determinations  in  June,  1893;  a  second  series  of  6  determina- 
tions in  February  and  .March,  1894.  In  the  first  of  these  the  pressure  measure- 
ments at  the  mercury  manometer  were  read  off  on  a  cathetometer  of  only  moderate 
accuracy.  The  fine  cathetometer  of  Mr.  Hausemanu  was  not  available  until  we 
reached  the  second  series. 

In  the  following  tables  2t  and  2a  are  the  absolute  values  of  the  initial  and 
final  temperatures,  pl  and  pt  the  corresponding  pressures  of  the  gas  before  and  after 
expansion,  iu  cm.  of  mercury,  x  denotes  the  ratio  of  the  two  specific  heats,  and  D 
the  variation  of  each  value  from  the  mean. 


Date. 

Tt. 

r,. 

/■• 

/t- 

X. 

D. 

6,  6,  93 

287.02 

280.39 

82.85 

76.32 

1.3980 

—  .0024 

«.  6,  93 

287.03 

280.40 

82.42 

75-97 

1.4021 

+  0017 

'3.6.93 

287.03 

280.40 

82.53 

76.06 

1. 4012 

+  .0008 

«3.  6,  93 

287.03 

280.41 

82.46 

76.01 

1.4019 

+.0015 

16,  6,  93 

288.91 

276.66 

88.69 

76.19 

1.3988 

—  .0016 

Mean  :  x  =  1.4004. 


Date. 

r,. 

Tt. 

Pi- 

/>•• 

X. 

D. 

9.  2,  94 

284.01 

276.72 

82.28 

75-12 

1.3996 

—  .0008 

12,  2,  94 

289.71 

276.46 

87309 

74»5 

1.4016 

+.0012 

«6,  2,  94 

289.63 

284.<>4 

81.583 

76.78 

1.4009 

-f  .0005 

16,  2,  94 

289.63 

279.72 

86.753 

76.80 

1.4000 

—  .0004 

13.  3.  94 

284.31 

277.04 

81.50 

7442 

'•3989 

—  .0015 

«6,  3.  94 

288.81 

276.54 

87-554 

75-24 

1.4012 

+  .0008 

Mean  :    x  =  1.4004. 

The  mean  values  of  k  of  both  series  happen  exactly  to  coincide. 

The  mean  value  (x)  for  data  obtained  with  a  platinum-blacked  bolometer 
strip  was 

*  =  1.3703- 

Hence  the  correction  for  the  radiation  discrepancy  is 


1.4004  -  1.3703  =  oo2i 

'4 


The  final  result  for  air  is  therefore 


x  =  1.4025. 
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Commercial  oxygen  obtained  from  Dr.  Elkan  in  Berlin  was  used.     The  method 
of  experiment  did  not  differ  from  that  detailed  for  air.     The  results  are  as  follows : 


Mean  x  =  1.3956. 

Correction  for  radiation  +    .0021. 

Final  value  (corrected),  x  =  1.39.77. 

C.    CARBON-DIOXIDE. 

The  gas  was  obtained  from  a  cylinder  of  commercial,  liquid  carbon-dioxide. 
Hence  it  was  passed  through  the  drying  train  into  the  copper  receiver  for  experiment. 


Date. 

TV 

TV 

A- 

Pt- 

X. 

D. 

>9.  4,  94 
'9,  4.  94 
19.  4,  94 
'9.  4,  94 

288.01 
288.01 
280.71 
280.71 

277.08 
280.36 
277.41 
274.11 

89477 
84.998 

79-677 
83.986 

75-54 
75-56 
75-68 
75-72 

1. 2961 

1.2965 
1.2987 
1.2983 

—  .0013 

—  .0009 
+  .0013 

—  .0009 

Mean  «  =  1.2974. 

Correction  for  radiation  +    .0021. 

Final  value  (corrected),  x  =  1.2995. 

d.    HYDROGEN. 

Commercial  hydrogen  obtained  from  Dr.  Elkan  in  Berlin  was  passed  through 
a  solution  of  permanganate  of  potash  and  thereafter  treated  in  the  manner  specified 
for  air. 


Date. 

TV 

TV 

fv 

/•• 

X. 

D. 

24,  4,  94 
26,  4,  94 
28,  4,  94 
28,  4.  94 

285.32 
289.02 
290.32 
290.32 

276.35 
276.72 
276.47 
279.99 

84.617 

87-930 
89.463 

85-527 

75-75 
75-64 
75-46 

75-46 

1.4064 
1.4062 
1.4056 
1.4070 

+  .OOOl 

—  .OOOl 

—  .0007 
+  .0007 

Mean  x  =  1.4063. 

Correction  for  radiation  +    .0021. 

Final  value  (corrected),  «  =  1.4084. 
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We  have  already  intimated  that  the  values  for  x  obtained  with  (lie  new  bolo- 
meter would  1h<  larger  than  tin*  corresponding  data  obtained  in  iss?  by  the  use  of 
a  silver  wire  .004  cm.  thick  for  bolometrie  purposes.  This  anticipation  has  been 
quite  borne  out  by  the  experiments,  Bhowing  that  the  discrepancy  due  to  heat  cou- 
duetod  inward  from  the  terminals  bad  seriously  affected  our  earlier  resul 

A  summary  <>f  the  different  experiments  made  for  evaluating  h  \<  given  by  A. 
Winkelinaiin  in  his  llawlhiuh  ,/,/■  Physik,  185*5,  vol.  ii.,  pp.  381,  382,  covering  the 
ground  up  to  1895.  Furthermore,  the  Journal <U  Physique,  1895  (3),  vol.  i\\,  pp 
463-465,  contains  an  historical  and  critical  review  '  of  the  subject  as  t<>  methods  and 
observations,  by  M.  G.  Manoevrier.  We  do  not  therefore  think  it  advisable  to 
reproduce  these  bibliographies  here,  iii  which,  to  our  knowledge, only  the:  experiments 
of  J.  Webster  Low  '  seem  to  have  been  overlooked.  On  the  other  hand,  a  compari- 
son of  our  results  with  those  of  earlier  observers  in  the  form  of  a  table  such  as  is 
given  at  the  end  of  this  paper,  will  conduce  to  au  intelligent  survey  of  the  present 
aspect  of  the  subject.  All  correlative  results  were  obtained  by  methods  different 
from  ours. 

The  researches  of  Rontgen  and  of  Paquet  are  based  on  the  well-known  method 
of  Clement  and  Desormes. 

The  values  of  Kayser.  Wi'illner,  and  J.  Webster  Low  are  computed  from  data  for 
the  velocity  of  sound.  The  first  two  of  these  observers  made  use  of  Kundt's  method, 
while  Low  reached  his  results  through  the  interferential  method  for  the  velocity  of 
sound  waves  devised  by  Quincke.  Manoevrier's  method  is  the  following  :  A  given 
mass  <>f  Lmn  i>  compressed  adiabalioally,  and  the  increase  of  pressure  produced 
determined.  The  change  of  pressure  due  to  an  equal  but  isothermal  change  of 
volume  is  easily  computed  from  known  laws.  If  both  volume  decrements  be 
■mall,  the  ratio  of  the  pressure  increments  is  very  nearly  equal  to  the  ratio  of  the 
specific  heats.  Hence  x  may  be  found  from  the  data  for  the  adiabatic  volume 
reduction. 

All  data  given  in  the  following  table  refer  to  ordinary  atmospheric  temperatures. 

'  In  this  review,  as  well  as  in  another  paper  {Journal de  P/iys.,  1895  (3),  vol.  iv.  pp.  368-373), 
M.  Manoevrier  devotes  some  space  to  our  work  of  1887  and  to  the  results  of  the  present  investiga- 
tion, as  far  as  they  were  given  in  the  brief  summary  contained  in  the  Reports  of  the  Oxford  meeting 
of  the  British  Association.  We  consider  a  direct  reply  superfluous,  for  the  points  raised  by  M. 
Manoevrier  are  all  touched  upon  in  the  present  extended  publication  in  so  far  as  they  are  matter-of- 
fact  and  not  merely  controversial. 

*  J.  Webster  Low,  Wied.  Ann.,  vol.  Hi.,  pp.  641-664,  1894. 
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Observer. 


Rontgen,  1873 

Kayser,  1877 

Wiillner,  1878 

Paquet,  1885 

J.  Webster  Low,  1894 

Lummer  and  Pringsheim,  1894. 
Manoevrier,  1895 


Air. 

14053 
1.4106 

I-405 
I.4038 
I.3968 
1.4025 

1  3925 

Oxygen. 


1-3977 


Carbon-Dioxide. 


>-3°52 
l.3«>54 

1. 291 

1-2995 
1.298 


Hydrogen. 


I-3852 


1.4084 
1.384 


Physikalisch-Technische  Reichsanstalt, 
Charlottenburg,  Germany, 
October,  1897. 
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